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Abstract
Background—Up to 15% of children with permanent hearing loss have auditory neuropathy 
spectrum disorder (ANSD), which involves normal outer hair cell function and disordered afferent 
neural activity in the auditory nerve or brainstem. Given the varying presentations of ANSD in 
children, there is a need for more evidence-based research on appropriate clinical interventions for 
this population.
Purpose—This study compared the speech production, speech perception, and language 
outcomes of children with auditory neuropathy spectrum disorder (ANSD) who are hard of 
hearing and children with similar degrees of mild to moderately-severe sensorineural hearing loss 
(SNHL), all of whom were fitted with bilateral hearing aids based on the American Academy of 
Audiology (AAA) pediatric amplification guidelines.
Research design—Speech perception and communication outcomes data were gathered in a 
prospective accelerated longitudinal design, with entry into the study between six months and 
seven years of age. Three sites were involved in participant recruitment: Boys Town National 
Research Hospital, the University of North Carolina at Chapel Hill, and the University of Iowa. 
Study sample: The sample consisted of 12 children with ANSD and 22 children with SNHL. The 
groups were matched based on better-ear pure-tone average, better-ear aided speech intelligibility 
index, gender, maternal education level, and newborn hearing screening result (i.e., pass or refer).
Data collection and analysis—Children and their families participated in an initial baseline 
visit, followed by visits twice a year for children under age 2 years and once a year for children 
older than 2 years. Paired-sample t-tests were used to compare children with ANSD to children 
with SNHL.
Results—Paired t-tests indicated no significant differences between the ANSD and SNHL 
groups on language and articulation measures. Children with ANSD displayed functional speech 
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perception skills in quiet. Although the number of participants was too small to conduct statistical 
analyses for speech perception testing, there appeared to be a trend in which the ANSD group 
performed more poorly in background noise with hearing aids, compared to the SNHL group.
Conclusions—The AAA Pediatric Amplification Guidelines recommend that children with 
ANSD receive a hearing aid trial if their behavioral thresholds are sufficiently high enough to 
impede speech perception at conversational levels. For children with ANSD in the mild to severe 
hearing loss range, the current results support that recommendation, as children with ANSD can 
achieve functional outcomes similar to peers with SNHL.
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Introduction
Permanent childhood hearing loss (HL) occurs in one to three per thousand live births 
(Finitzo et al., 1998; Van Naarden et al., 1999). Among children with a permanent hearing 
loss, between 2 and 15% will have auditory neuropathy spectrum disorder (ANSD; Sininger, 
2002; Rance, 2005; Vlastarakos et al., 2008). Individuals with ANSD present with an 
abnormal or absent neural response from the auditory nerve or auditory brainstem, in 
combination with preneural cochlear responses including otoacoustic emissions and/or 
cochlear microphonic (Starr et al., 1996). Sites of lesion may occur at several different 
locations along the auditory pathway, including the inner hair cells, the synapse between the 
inner hair cells and the auditory nerve, or the auditory nerve (Buchman et al., 2006). ANSD 
may occur as the result of certain risk factors such as prematurity, hyperbilirubinemia, or 
ototoxic medications, including furosemide, aminoglycosides, and vancomycin (Coenraad, 
Goedegebure, van Goudoever, & Hoeve, 2011; Lobarinas, Salvi, & Ding, 2013); it may also 
be due to syndromic or nonsyndromic genetic conditions (Roush et al., 2011). It is possible 
to identify ANSD at birth, but audiological management is complicated by the fact that 
objective measures such as auditory brainstem response (ABR) are absent or abnormal and 
not correlated with behavioral audiometric thresholds.
As would be expected based on the numerous potential sites of lesion and contributing 
factors, ANSD presents as heterogeneous with respect to a number of factors. Degree of 
hearing loss based on the audiogram may range from normal to profound (Rance & Starr, 
2011). In some cases, the hearing thresholds have been reported to fluctuate or progress 
(Madden et al., 2002), although Rance (2014) reports that fluctuations in hearing level are 
rare. Speech perception outcomes are highly variable. There are several characteristic 
features of speech perception in ANSD: 1) speech perception abilities may be better or 
poorer than would be expected based on audibility (Rance, 2005) and 2) speech perception 
in noise is particularly difficult (Kraus et al., 2000; Rance & Barker, 2008). The difficulties 
with speech perception in noise may be due to a potential reduction in individual ability to 
integrate binaural cues, resulting in an impairment in localization skills that support listening 
in noise (Zeng et al., 2005). Some researchers have attempted to explain variability in 
speech perception abilities. Speech perception abilities appear to be related to the degree to 
which there are temporal processing deficits, as children with ANSD who have better 
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temporal resolution tend to have better speech recognition in quiet, unaided conditions 
(Rance, McKay, & Grayden, 2004). Given the varying presentations of ANSD, researchers 
and clinicians have noted that there is a need for more evidence-based research on 
appropriate clinical interventions for this population (Roush et al., 2011).
There are three current forms of hearing technology that are recommended as intervention 
for children with ANSD: cochlear implants, hearing aids, and FM technology. For the 
purposes of the current manuscript, we will focus on literature related to the first two 
options. A number of studies examined outcomes following cochlear implantation in 
children with ANSD (Shallop et al., 2001; Buss et al., 2002; Raveh et al., 2007; Rance & 
Barker, 2008; Teagle et al., 2010; Breneman et al., 2012). The majority of these studies 
focused on children with severe-to-profound hearing loss (Miyamoto et al., 1999; Trautwein 
et al., 2000; Buss et al., 2002; Mason et al., 2003; Vermeire et al., 2003; Jeong et al., 2007). 
Some researchers have indicated positive changes in pure-tone thresholds and speech 
perception outcomes following implantation (Madden et al., 2002; Mason et al., 2003). 
Several explanations have been posited for why cochlear implants may benefit some patients 
with ANSD: 1) the electrical stimulation from the array increases the number of firing 
neural elements, effectively bypassing the damaged inner hair cells and directly stimulating 
the spiral ganglion or 2) the electrical signal improves the synchronization of neural firing 
along the auditory nerve (Rance, 2014). Thus, for some individuals with ANSD who have 
greater degrees of temporal disruption, cochlear implants may lead to improvements in 
temporal resolution. Successful outcomes with cochlear implants may be mediated by the 
site of lesion, however, resulting in some reported cases of poorer progress with cochlear 
implants (Miyamoto et al., 1999; Neary & Lightfoot, 2012). Degree of hearing loss may also 
have an influence on the success of cochlear implants versus hearing aids for children with 
ANSD, as there is evidence of children who have less severe degrees of hearing loss and use 
hearing aids who show better aided speech recognition scores than children with cochlear 
implants (Rance et al., 2002). Furthermore, a significant number of children with ANSD 
may have other conditions or co-morbidities that negatively impact outcomes irrespective of 
the treatment approach (Teagle et al., 2010). Thus, even though cochlear implantation is 
often cited in the literature as a successful remediation approach for ANSD, clinicians and 
families should be cautious when deciding on the appropriate management technique 
(Rance, 2005).
The American Academy of Audiology (AAA) Pediatric Amplification guidelines state that 
children with ANSD should have a hearing aid trial if auditory thresholds are insufficient to 
support speech perception at conversational levels. This trial would consist of a designated 
time period of experience with appropriately fit hearing aids, although the guidelines are not 
specific on how long a trial should last. Even though the AAA guidelines recommend a 
hearing aid trial, there is a paucity of studies examining speech perception, language, or 
literacy outcomes for children with ANSD who use hearing aids. Of those studies that have 
been conducted, some have observed poor outcomes with hearing aids, leading some 
researchers to argue that hearing aids may provide limited benefit because they are merely 
amplifying an already distorted signal (Berlin, 1999; Berlin et al., 2003; Raveh et al., 2007). 
These findings have led to general uncertainty as to whether or not children with ANSD 
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should utilize hearing aids, but there are some limitations to applying this line of research 
for children who are hard of hearing.
One limitation is that these earlier studies have relied primarily on children with thresholds 
in the severe-to-profound range, who, due to gain constraints of acoustic amplification, 
likely would receive only minimal benefit from hearing aids. In contrast, children with 
thresholds in the mild to severe range have the potential to greatly benefit from the audibility 
provided by hearing aids. Second, these studies included minimal information regarding 
characteristics of amplification, such as level of aided audibility and amount of daily hearing 
aid use. Both level of aided audibility and amount of hearing aid use have been shown to 
influence outcomes for children with SNHL (Tomblin et al., 2014; Marnane & Ching, 2015; 
McCreery et al., accepted). Specifically in the ANSD population, some audiologists may 
follow recommendations that these children be fit with wide dynamic range hearing aids that 
provide less gain than prescribed based on hearing thresholds (Hood, 1998), resulting in 
possible under-amplification and limited access to the speech spectrum (Rance, 2005). Thus, 
it is important to document the level of aided audibility when describing outcomes in this 
population, because individuals may be intentionally underfit, relative to children with 
SNHL. It is also important to document the amount of daily HA use in children with ANSD. 
Children with SNHL who are older and have more severe degrees of hearing loss wear 
hearing aids more often than younger children and children with milder degrees of hearing 
loss (Walker et al., 2013). Thus far, there have been no investigations examining amount of 
hearing aid use in children with ANSD. Given the reported variations in speech perception 
abilities in children with ANSD, it is possible that families may see less benefit with 
amplification, leading to more inconsistent HA usage. It is also possible that families receive 
mixed messages from clinicians regarding expected benefit from amplification.
Finally, there is little information in the literature on timing of service delivery for children 
with ANSD (i.e., age at confirmation, early intervention, or HA fitting). Researchers have 
noted that audiological intervention may be delayed for children with ANSD until 
behavioral thresholds can be obtained (Ching et al., 2013). Deferment in hearing aid fitting 
may also occur because of concerns about causing acoustic trauma in young children 
(Rance, 2005). The AAA recommendations acknowledge that an ABR cannot provide valid 
estimates of behavioral thresholds for children with ANSD, in contrast to children with 
SNHL. Therefore, the guidelines suggest that hearing aids may initially be fit based on 
careful behavioral observations to sound, by the clinician and/or the parent, until a reliable 
behavioral audiogram can be obtained. However, we currently lack evidence-based 
protocols for using behavioral observations to fit hearing aids in a clinically valid manner. In 
summary, we know little about children with ANSD who are hard of hearing, have been 
early identified and have been fit using best practice recommendations, in comparison to 
children with similar degrees of SNHL.
In one of the few studies that did include information on hearing aid fitting procedures, 
Rance et al. (2007) examined speech and language outcomes in a group of 12 children with 
ANSD (mean age = 8.5 years), the majority of whom had hearing losses in the mild to 
severe range. All of the subjects were fit bilaterally with hearing aids using National 
Acoustics Laboratories (NAL) prescriptive targets for gain. The authors did not report aided 
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audibility levels, but it may be surmised that the children had optimal aided audibility based 
on use of best-practice hearing aid verification protocols by the Australian Hearing service 
(King, 2010). On average, participants demonstrated below-average performance compared 
to the test norms on standardized measures of receptive vocabulary and articulation, but no 
significant differences compared to a group of children with SNHL who were matched by 
age and degree of hearing loss.
More recently, Ching and her colleagues have investigated the outcomes of children with 
ANSD who participated in a population-based longitudinal study in Australia. Ching et al. 
(2013) examined a diverse group of 3-year old children with ANSD (n = 47). Twenty-seven 
used hearing aids, which were all fit based on NAL or Desired Sensation Level (DSL) 
prescriptive targets, using real ear to coupler difference (RECD) measures for verification. 
Nineteen children used cochlear implants. Of the 47 total children, 80% used an oral 
communication mode and 30% had at least one additional disability. Twenty-two children 
with hearing aids contributed outcomes data. The authors compared the ANSD group to a 
group of children with SNHL. Results indicated no significant differences between groups 
on measures of speech production, receptive and expressive language, and functional 
auditory skills. However, children with hearing aids and cochlear implants were combined 
into one group when examining scores in these separate domains. Thus, it is difficult to 
determine if the children with ANSD who used hearing aids experienced more difficulties 
within certain domains compared to those who used cochlear implants.
In summary, these two studies (Rance et al., 2008; Ching et al., 2013) suggest that there is 
additional need for research that explores the impact of hearing aid performance on children 
with ANSD in the mild to severe hearing loss range. As other researchers have noted 
(Rance, 2005; Roush et al., 2011), there is ambiguity regarding hearing aid management 
approaches for children with ANSD. This ambiguity in the literature makes it difficult to 
interpret results with this population. There is also minimal evidence regarding speech 
production and language outcomes for children with ANSD. The primary purpose of the 
current paper is to investigate speech perception, speech production, and language outcomes 
of children with ANSD who were participants in the Outcomes of Children with Hearing 
Loss (OCHL) study. Our goal is to provide valuable evidence to support clinical decisions 
about audiological management and intervention for this population. The participants in the 
current study, including those with ANSD, had hearing loss in the mild to moderately severe 
range, utilized bilateral hearing aids, and were fit based on best practice recommendations. 
This paper specifically addresses the following research questions:
1. How do children with ANSD compare to children with SNHL in terms of 
characteristics of amplification, including ages at service delivery, aided audibility, 
and amount of daily HA use?
2. How do children with ANSD compare to children with SNHL on measures of 
language, speech production, and speech perception?
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Participants included children with hearing loss recruited as part of the OCHL study. This 
multi-center study was designed to explore the developmental outcomes of children who are 
hard of hearing. Speech perception and communication outcomes data were gathered in an 
accelerated longitudinal design, with entry into the study between six months and seven 
years of age. Each child was seen for up to five annual visits and the test protocol was 
designed to be appropriate for each age level (for more information regarding the 
accelerated longitudinal design, see Holte et al., 2012). Three sites were involved: Boys 
Town National Research Hospital, The University of North Carolina at Chapel Hill (UNC), 
and the University of Iowa. Each site recruited from surrounding areas and states. Children 
recruited for the OCHL study had a permanent, bilateral HL (sensorineural, mixed, and 
permanent conductive) with a better-ear three- or four-frequency PTA no better than 25 dB 
HL and no poorer than 75 dB HL. Children with significant cognitive, visual, or motor 
impairments were excluded from participation. For all participants, at least one primary 
caregiver spoke English in the home. Children who used manually-coded English or 
American Sign Language as their primary mode of communication were excluded from the 
study.
The children described in the current manuscript received pediatric hearing aid fitting 
services that were uniform and consistent with the AAA Pediatric Amplification best-
practice guidelines (AAA, 2013). In other words, each child’s managing audiologist fit the 
hearing aids according to DSL v5.0 gain targets for speech and MPO targets for pure tones 
using either simulated real-ear measurements or in-situ real-ear probe microphone 
measurements (Marlene Bagatto et al., 2005; Scollie et al., 2005). Eleven of the children’s 
fitting audiologists reported that these best practice recommendations were followed by 
completing an online survey that asked about fitting procedures and verification techniques 
for that client. The twelfth participant’s fitting audiologist did not complete a survey; 
therefore, it is unknown if that child’s hearing aids were fit and verified according to best 
practice protocols. Due to the small number of participants with ANSD in this study, we 
decided to keep this participant in the dataset.
Participants in the current study included 12 children (6 females) with ANSD. Eleven had 
bilateral ANSD and one child had ANSD in one ear and typical SNHL in the opposite ear. 
At the initial testing visit, the children with ANSD were between the ages of 9 months and 7 
years, 0 months (M = 38.42 months; SD = 24.83 months). Ten children referred on the 
newborn hearing screen (NHS), two were identified later (one passed the NHS, which was 
conducted with otoacoustic emissions and the other child’s NHS status was unknown; both 
were later identified due to speech delays).
Ten of the children were recruited for OCHL by the UNC site and two of the children were 
recruited by the Boys Town site. Due to the longitudinal nature of the study, most of the 
children in the ANSD group participated in multiple test visits. In the current analysis, 
audiological and hearing aid data, including better-ear Speech Intelligibility Index (SII) and 
daily hours of use, are examined at the first visit in which a full dataset was available for 
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ANSD subjects to avoid analysis of multiple data points for the same children. Speech 
perception and language outcomes are examined at the visit in which those data were 
collected; thus, some participants within the ANSD group may contribute data at several 
visits, but none are counted for the same speech or language test more than one time. Some 
children contributed data for specific standardized tests at multiple visits (e.g., GFTA-2 at 
ages 5 and 7). In those cases, only scores at one visit were included, and the data that were 
used were selected at random.
The mean better-ear pure-tone average (BEPTA) for the ANSD group at the baseline visit 
was 57.63 dB HL (SD = 11.60). One participant had a mild hearing loss (between 20 to 39 
dB HL), 6 had a moderate hearing loss (between 40 to 59 dB HL) and 5 had a moderately-
severe hearing loss (between 60 to 75 dB HL). One child with ANSD presented with a 
progressive hearing loss during the course of the study, as determined by more than a 10 dB 
HL increase in BEPTA (i.e., decline in thresholds) between the first and last visit. The other 
11 children demonstrated stable thresholds throughout the course of the study.
A cross-sectional sample of 22 children (13 females) with bilateral SNHL served as a 
comparison group (Boys Town, n = 5; Iowa, n = 5; UNC, n = 12). The ANSD and SNHL 
pairs were matched as closely as possible on chronological age, BEPTA and better-ear aided 
SII, gender, and maternal education level. We also controlled for NHS status by only 
matching children who referred on the NHS together, and only matching children who were 
identified after the NHS together. All of the children in the SNHL group were also fitted 
with hearing aids based on best-practice protocols.
Data collection
As part of the OCHL study, children and their families participated in an initial baseline 
visit, followed by visits twice a year for children under age 2 years and once a year for 
children older than 2 years. At the initial visit, parents completed an intake interview with an 
examiner. Intake questions documented demographic information related to the child and 
family, including predictor variables incorporated in the present study (i.e., maternal 
education level, gender, and age at confirmation of hearing loss, enrollment in early 
intervention, and HA fitting). It should be noted that age at confirmation of hearing loss only 
referred to when the child’s hearing loss was confirmed through diagnostic testing, and did 
not specify when they were diagnosed with ANSD or when reliable behavioral thresholds 
were obtained. The intake interview also documented birth history, including length of 
pregnancy in weeks, birth weight, and medical treatments and complications related to the 
pregnancy and birth.
Audiologic assessment—An experienced pediatric audiologist completed all behavioral 
hearing assessments, with an assistant participating in assessments as needed. The 
audiologist attempted to obtain air-conduction and bone-conduction thresholds at 500, 1000, 
2000, and 4000 Hz at a minimum, using visual reinforcement audiometry, conditioned play 
audiometry, or conventional audiometry depending on the age of the child. All attempts 
were made to obtain ear-specific thresholds using insert earphones, supra-aural headphones, 
or the child’s own earmolds paired with insert earphones. The audiologist obtained 
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soundfield thresholds if the child would not tolerate the testing with earphones or 
headphones. If a full audiogram could not be completed, the audiologist obtained a copy of 
the child’s most recent unaided audiogram from their clinical audiologist (in the majority of 
cases this audiogram was obtained within three months of the OCHL test visit). The 4-
frequency BEPTA was calculated for subsequent analyses (3-frequency BEPTA when 4-
frequency thresholds were not available).
Hearing aid use—As part of each visit, the caregiver completed an interview that asked 
about daily hearing aid use (see Walker et al. 2013, for an example of the hearing aid use 
questionnaire). Parents estimated the average amount of time the child used hearing aids per 
day during the week and on the weekends. To calculate daily use, we devised a weighted 
hearing aid use measure in which parents’ estimates of weekday use was multiplied by 0.71 
(5/7 days of the week) and weekend use was multiplied by 0.29 (2/7 days of the week). The 
two values were then added together. This weighted measure was used to represent hearing 
aid use time for all participants.
Hearing aid electroacoustic measures—The pediatric audiologist completed 
electroacoustic hearing aid measurements, including total harmonic distortion, frequency 
range, and output sound pressure level at 90 dB (OSPL90) following ANSI S3.22 (2003). 
The audiologist also conducted probe microphone measures to estimate the current speech 
audibility for the participant at the time of the visit, measuring the RECD when possible. 
When the RECD could not be measured due to limited cooperation or subject noise, an age-
related average RECD was used to estimate the acoustic characteristics of the child’s 
occluded ear canal (Bagatto et al, 2002). Simulated speechmapping was then completed in 
the 2 cc coupler. Audioscan Verifit ™ software calculated the aided SII for all of the 
participants using the standard male speech signal (carrot passage) presented at 65dB SPL 
(average speech), following ANSI S3.2–2009.
Speech and language assessment—Examiners administered standardized tests of 
speech production, language, and phonological processing in a quiet testing room or a 
mobile testing van. The Goldman Fristoe Test of Articulation-2 (GFTA-2; Goldman & 
Fristoe, 2000) is a standardized measure of articulation, in which examinees label single 
word pictures. The Peabody Picture Vocabulary Test-4 (PPVT-4; Dunn & Dunn, 2007) is a 
standardized measure of receptive vocabulary, in which the examiner says a word that 
describes one of the pictures on a page, and the participant identifies the correct picture. The 
Vineland Adaptive Behavior Scales-II (Vineland; Sparrow, Cicchetti, & Balla, 2005) is a 
parent-report questionnaire. It examines adaptive behavior, including receptive and 
expressive language, writing, interpersonal and coping skills, and fine and gross motor 
skills. For the current analysis, we used the adaptive behavior composite standard score, 
which is a composite of all of the subtests scored on the Vineland. The Comprehensive 
Assessment of Spoken Language (CASL; Carrow-Woolfolk, 1999) is a standardized measure 
of global language development. Subtests are designed to evaluate receptive and expressive 
language in areas of lexical/semantic, syntactic, supralinguistic, and pragmatic development. 
For the purposes of the current analysis, we included scores on the Pragmatic Judgment and 
Syntax Constructions subtests to measure pragmatics and expressive morphosyntax scores, 
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respectively. For all standardized measures, standard scores were derived based on the 
children’s uncorrected chronological age, in order to be consistent across all participants at 
each age. In other words, we did not adjust for prematurity in the current analysis.
Auditory Development and Speech Perception—The LittlEARS Auditory 
Questionnaire was administered as a measure of early auditory development (Coninx et al., 
2009). The measure has been validated for use with children who are hard of hearing who 
wear hearing aids (Bagatto et al. 2010). The LittlEARS is a parent-report questionnaire 
consisting of 35 questions. Parents indicate whether (1) or not (0) their child exhibits the 
behavior described in each question. The LittlEARS was completed by parents at their 
child’s 12 months, 18 months and 2 year visits. Raw scores were compared to the normative 
range in the LittlEARS manual, based on the uncorrected chronological age of the children.
The Phonetically-Balanced Kindergarten List (PBK; Haskins, 1949) was used to assess 
speech perception in quiet at 5 years of age and older. The PBK test is an open set speech 
perception measure. The child listened to a recorded list of words presented at 65 dBA at 00 
azimuth from a loudspeaker, and repeated back the words to the audiologist. Participants 
wore hearing aids during test administration. The test is scored as percent correct out of 50 
words.
Seven, 8-, and 9-year-olds were tested on their ability to perceive single words in 
background noise using the Computer-Assisted Speech Perception Assessment (CASPA; 
Mackersie et al., 2001). The CASPA was presented with noise at 55 dBA and speech at 65 
dBA (+10 dB SNR) in the aided condition.
Data analysis
The primary goal of the present study was to compare speech perception, speech production, 
and language outcomes of children with ANSD to children with SNHL, all of whom were 
fitted with amplification using the AAA Pediatric Amplification best practice guidelines. 
Data regarding HA use, PTA, and aided audibility were explored descriptively, in addition 
to paired t-tests to compare the ANSD and SNHL groups. We compared outcomes between 
children with ANSD and SNHL using both inferential statistics (paired t-tests) and non-
parametric statistics (Wilcoxon Signed Rank test).
Results
Demographic and audiological characteristics of children with ANSD or SNHL
Table 1 displays data regarding birth history and risk factors in the two groups. The majority 
of children with ANSD (82%; 9/11) had medical risk factors; in particular, a number of 
participants were premature, had low birth weight, and/or hyperbilirubinemia. At the time of 
enrollment in the study, these children demonstrated non-verbal cognitive abilities within 
normal limits, and did not have severe motor or visual impairments that would have 
excluded them from participation. Most of the children in the SNHL group did not present 
with risk factors. Specifically, most of the children with SNHL had an uncomplicated birth 
history and were full term.
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Table 2 describes characteristics related to audiological and service provision factors for the 
two groups. The data in Table 2 are from the baseline visit of the ANSD participants, and 
the SNHL participants are matched by chronological age, better-ear PTA and SII. There was 
one exception to this procedure; one child with ANSD did not have audibility data collected 
at the baseline visit. Data for that child were obtained from his second visit (with the 
corresponding SNHL control subject matched for age, PTA, and SII at that respective visit). 
As expected, there were no significant differences in better-ear PTA or better-ear SII in the 
ANSD and SNHL groups, because the participants were matched on these factors. Figure 1 
displays aided audibility for an average speech input level as a function of BEPTA in 
children with ANSD and children with SNHL. The 95% confidence intervals for the 
normative SII range by degree of hearing loss (M. P. Bagatto, Brown, Moodie, & Scollie, 
2011) are displayed as dashed lines. All of the participants demonstrated SII levels within 
the average range.
Results indicated that there were no significant differences in amount of daily hearing aid 
use based on parent report. When children with ANSD were paired with children with 
SNHL on age, PTA, and aided audibility, they did not wear hearing aids more often or less 
often compared to the SNHL group. In terms of service delivery, there were no significant 
differences between groups for age at first evaluation, confirmation of hearing loss, and 
entry into early intervention. There was a significant difference in age at HA fitting, t(10) = 
3.63, p = .005. Children with ANSD were fit with hearing aids at significantly older ages (X 
= 13.73 months) compared to children with SNHL (X = 8.18 months), with an average 
difference of 5.55 months between groups.
Standardized test comparisons between children with ANSD and children with SNHL
Expressive morphosyntax—Children in the ANSD group (n = 9) demonstrated a mean 
standard score of 86.56 on the CASL Syntax Construction subtest (SD = 23.91) and children 
in the matched SNHL group (n = 9) demonstrated a mean standard score of 94.67 (SD = 
21.45). The results of the paired samples t-test were not significant, t(8) = −1.11, p = .30. 
Due to the small sample size, a Wilcoxon Signed Rank test was also conducted with 
consistent results. Three children in the ANSD group and five children in the SNHL group 
showed scores that were within the average range or better compared to standardized test 
norms. Figure 2 and Table 3 display the individual CASL Syntax Construction subtest 
standard scores for both groups.
Pragmatics—Children in the ANSD group (n = 9) demonstrated a mean standard score of 
87.78 on the CASL Pragmatic Judgment subtest (SD = 18.05) and children in the matched 
SNHL group (n = 9) demonstrated a mean standard score of 94.44 (SD = 17.76). The results 
of the paired samples t-test were not significant, t(8) = −.93, p = .38. Due to the small 
sample size, a Wilcoxon Signed Rank test was also conducted with consistent results. Four 
children in the ANSD group and seven children in the SNHL group showed scores that were 
within the average range or better compared to standardized test norms. Figure 2 and Table 
3 display the individual CASL Pragmatic Judgment subtest standard scores for both groups.
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Vocabulary—Children in the ANSD group (n = 5) demonstrated a mean standard score of 
87.40 on the PPVT-4 receptive vocabulary test (SD = 20.40) and children in the SNHL 
group (n = 5) demonstrated a mean standard score of 104.60 (SD = 13.09). We did not 
conduct inferential or nonparametric statistics due to the very small sample size. Three 
children in the ANSD group and all five children in the SNHL group showed scores that 
were within the average range or better compared to standardized test norms. Figure 2 and 
Table 4 displays the individual PPVT-4 standard scores for both groups.
Articulation—Children in the ANSD group (n = 9) demonstrated a mean standard score of 
86.33 on the GFTA-2 (SD = 14.45) and children in the SNHL group (n = 9) demonstrated a 
mean standard score of 90.22 (SD = 18.89). The results of the paired samples t-test were not 
significant, t(8) = −.60, p = .57. Due to the small sample size, a Wilcoxon Signed Rank test 
was also conducted with consistent results. Four children in the ANSD group and seven 
children in the SNHL group showed scores that were within the average range or better 
compared to standardized test norms. Figure 2 and Table 5 displays the distribution of the 
GFTA-2 standard scores for both groups.
Adaptive behavior—Children in the ANSD group (n = 8) demonstrated a mean standard 
score of 91.25 on the Vineland Adaptive behavior composite measure (SD = 13.01) and 
children in the SNHL group (n = 8) demonstrated a mean standard score of 98.00 (SD = 
9.40). The results of the paired samples t-test were not significant, t(7) = −1.21, p = .27. Due 
to the small sample size, a Wilcoxon Signed Rank test was also conducted with consistent 
results. Six children in the ANSD group and all eight children in the SNHL group showed 
scores that were within the average range or better compared to standardized test norms. 
Figure 2 and Table 6 displays the distribution of the Vineland adaptive behavior composite 
standard scores for both groups.
Auditory Development—Figure 3 shows individual data for the parent-report auditory 
questionnaire, the LittlEARS. The established ceiling criterion for this test is a raw score of 
28 (Tsiakpini et al., 2004). The average raw score for the ANSD group was 27.75 (n = 4; SD 
= 3.20), while the average raw score for the SNHL group was 29 (n = 4; SD = 6.06). Three 
out of the four children with ANSD had scores within the normal range on this measure, 
based on the LittlEARS normative data. One child with ANSD (DBQ at the 18 month visit) 
fell below the normative range, suggesting significant delays in early auditory behavior. All 
four of the children with SNHL scored within the normal range for their ages.
Speech perception—A limited number of children contributed unique data for speech 
perception measures because of the accelerated longitudinal design of the study (i.e., there 
were fewer children tested after age 5 years). Children in the ANSD group (n = 4) 
demonstrated an average score of 77% correct on the PBK (SD = 10.39) and children in the 
SNHL group (n = 3) demonstrated an average score of 83% (SD = 1.15). Figure 1 shows 
open-set PBK scores for the ANSD and SNHL groups, plotted as a function of 4-frequency 
better-ear PTA. All four children with ANSD displayed functional speech perception skills 
in quiet.
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Only three children in the ANSD group contributed unique data on the CASPA. Their 
individual scores in the +10 SNR aided condition (phonemes correct) were 60%, 77%, and 
80% correct. The SNHL matched pair scores were 97%, 93%, and 97%, respectively. 
Although the number of participants was too small to conduct statistical analyses for the 
speech perception testing, there does appear to be a trend in which the ANSD group 
performed more poorly in background noise with hearing aids, compared to the SNHL 
group. These results should be interpreted cautiously, however, given the small number of 
subjects.
Discussion
The primary objective of this study was to describe language, speech production, and speech 
perception outcomes in children with ANSD who were fitted with hearing aids using best 
practice recommendations. We also examined timing of service provision and amount of 
daily hearing aid use in children with ANSD, compared to children with SNHL.
There has been a great deal of debate regarding clinical management of children with 
ANSD. Some researchers have recommended minimal use of acoustic amplification (Berlin, 
1999; Berlin et al., 2002), while others have suggested using a conservative approach of 
providing low-gain wide-dynamic range compression hearing aids, compared to what would 
be recommended by prescriptive targets based on hearing thresholds and RECD (Hood, 
1998). Berlin et al. (1998) reported on two case studies of children who did poorly with 
hearing aids, but both of those participants had minimal experience with amplification and 
were fit with hearing aids providing gain lower than would be recommended by prescriptive 
targets. The difficulty with interpreting the results of studies on ANSD and acoustic 
amplification is there is little reported evidence on how children with ANSD with hearing 
thresholds in the mild to severe range perform with appropriately-fit hearing aids set to DSL 
or NAL prescriptive targets.
All of the children in the current study were fit with hearing aids based on the AAA 
recommendations for pediatric amplification (with the possible exception of one child with 
ANSD, whose audiologist did not complete the service provider survey). The current results 
provide support for conducting a hearing aid trial with appropriately-fit amplification for 
children with ANSD who have behavioral thresholds in the mild to severe range. The results 
also support current hearing aid verification recommendations: audiologists should be 
verifying gain and comparing to prescriptive targets through the use of probe microphone 
measurements of the hearing aid in the child’s ear canal or simulated measurements of the 
hearing aid output in a coupler with a real-ear-to-coupler-difference measure (Bagatto et al. 
2010; King, 2010; AAA, 2013). These results do not support the need to provide differential 
intervention or amplification management (i.e., fitting to prescriptive targets and verification 
techniques) for children who have ANSD with mild-severe behavioral thresholds, and do not 
support the provision of low-gain hearing aids for this population.
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How do children with ANSD compare to children with SNHL in terms of characteristics of 
amplification, including ages at service delivery, aided audibility, and amount of daily HA 
use?
In order to understand the outcomes of children with ANSD, we must also understand what 
their cumulative auditory experiences represent: when are they receiving audiologic 
intervention, how much access to the speech spectrum do they get from their hearing aids, 
and how often do they wear hearing aids on a daily basis? Results from the OCHL cohort 
demonstrate that each of these factors has an effect on outcomes for children who are hard 
of hearing (Tomblin et al., accepted; McCreery et al., accepted). Unfortunately, we do not 
have enough participants to determine if these factors influence outcomes for children with 
ANSD, but we can compare the group to children with SNHL to see if they differ in any of 
these variables. For most of the factors, including age at confirmation of hearing loss, age at 
early intervention, aided audibility, and amount of daily hearing aid use, there were no 
significant differences between groups. It is not surprising that the ANSD and SNHL groups 
were similar in aided audibility, as that was one of the variables on which the groups were 
matched. It is encouraging to note, however, that all of the children with ANSD, who had 
hearing aids fit and verified using AAA guidelines, showed aided audibility levels that were 
within the average range compared to normative data that were appropriate for their PTAs 
(Bagatto et al., 2011). Furthermore, they wore hearing aids 11.5 hours per day on average, 
which can be considered full-time use. It might be presumed that children with ANSD 
would wear amplification less often compared to children with SNHL, if parents are not 
seeing benefit or children are receiving a distorted, amplified signal. Based on the current, 
albeit small, group of children with ANSD, this assumption does not appear to be the case.
On another positive note, children with ANSD did not show differences from their SNHL 
matches in age at confirmation or enrollment in early intervention. The median age at 
enrollment in early intervention (6 months) was actually consistent with recommendations 
by the Joint Committee on Infant Hearing (JCIH, 2007) for initiation of early intervention 
services. It is also encouraging to note that on average, children with ANSD were not 
delayed in receipt of early intervention, compared to children with SNHL. Age at hearing 
aid fitting was the one service delivery variable that was significantly different between the 
ANSD and SNHL groups, with the ANSD group being fit at significantly later ages. This 
result is consistent with observations by other researchers that audiological intervention may 
be delayed for children with ANSD until reliable behavioral thresholds can be obtained 
(Ching et al., 2013). Behavioral responses through visual reinforcement audiometry (VRA) 
cannot be consistently obtained until infants are around eight months of age (Widen et al., 
2000) and likely at even later ages for infants who are premature. Although the AAA 
guidelines recommend the use of behavioral observations to fit hearing aids prior to 
obtaining reliable thresholds, we currently lack strong evidence to support the use of 
behavioral observation audiometry for appropriate hearing aid fittings in children. Further 
research is needed to explore the validity of clinical protocols (before 6–8 months of age) for 
fitting hearing aids in children with ANSD.
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How do children with ANSD compare to children with SNHL on measures of language, 
speech production, and speech perception?
The results of the current study showed no significant differences between children with 
ANSD and SNHL in terms of outcomes in a variety of different domains. The two groups 
were well-matched on a number of important factors, including chronological age, degree of 
hearing loss, amount of aided audibility, maternal education level, gender, and NHS status. 
The groups were not matched on birth history – the ANSD group presented with a more 
complicated birth history than the SNHL group, yet this did not appear to have an effect on 
group-level comparisons, even without adjusting age-based standard scores for prematurity.
These findings are consistent with two other reports on speech and language outcomes of 
children with ANSD who were fit with hearing aids based on best practice recommendations 
(Ching et al., 2013; Rance et al., 2007). Rance and colleagues described receptive 
vocabulary and articulation skills in 12 children with ANSD and 12 children with SNHL 
between the ages of 4 and 13 years, matched on age and PTA. They found no significant 
differences between groups on either measure. Ching et al. compared children with ANSD 
to children with SNHL, all of whom were 3 years of age. They found no significant 
differences between groups on measures of global language or speech production. 
Approximately half of the children with ANSD scored within the average range for 
expressive and receptive language and speech production. The current results expand upon 
those previous studies, by including measures of expressive morphosyntax, pragmatics, and 
adaptive behavior (which can be thought of as an overall measure of daily personal and 
social skills). Taken together, these studies all consistently demonstrate that some children 
who have ANSD in the mild to severe range can acquire functional language skills in the 
areas of form, content, and use. These skills can be acquired at levels comparable to children 
with SNHL, and even within the average range for children with normal hearing.
Although limited in number, the speech perception performance of the current group of 
children is consistent with the previous literature. On a quiet, open-set monosyllabic word 
recognition task, in the aided condition, children with ANSD demonstrated scores that were 
comparable to children with SNHL, suggesting functional speech perception skills in quiet. 
Furthermore, PBK scores were all within the range that would be expected for adults with 
SNHL, based on norms provided by Yellin et al. (1989). Rance (2005), 2013) has reported 
similar findings for some children with ANSD, although he has also shown that a 
significantly large number of children with ANSD (56% out of 46 children) performed 
below the normative range. Rance’s data in the 2005 paper consists of a compilation of 
scores from 10 different studies, and little is known about the aided audibility levels of the 
children in those studies.
Speech perception scores in noise presented a different picture. Even in a favorable SNR 
condition (+10 dB), the children with ANSD demonstrated significant difficulty compared 
to the children with SNHL. This finding is also consistent with previous research on 
individuals with ANSD, such that children and adults have displayed reliably poor 
performance in background noise (Rance, 2005; Starr et al., 1998). Therefore, an important 
recommendation for this population is the use of FM systems to improve the ability to listen 
in noise (Kraus et al., 2000; Rance, 2005). This is particularly true for children with ANSD 
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and thresholds in the mild to severe range, who are expected to learn academic material 
while listening in noisy, reverberant acoustics conditions in mainstream classroom settings 
(Crandell & Smaldino, 2000).
Limitations and Future Directions
Although this paper provides important outcomes evidence regarding clinical management 
for children with ANSD, we acknowledge that there are several limitations that could be 
addressed through further research. The current study did not include measures of 
psychosocial or academic outcomes, including reading or classroom behavior. To date, there 
have been no studies examining outcomes in these areas. Future directions should include 
investigations of literacy, academics, and socioemotional aspects of development, as these 
areas may provide more insight into long-term outcomes of this population.
Another limitation is that we were limited to investigating a very small sample of 
participants with ANSD. The primary goal of the OCHL study was to examine outcomes of 
children who were hard of hearing, and children with ANSD were not specifically targeted 
during recruitment efforts. Furthermore, not every participant had data for every test 
measure due to the accelerated longitudinal design of the study. This design allowed us to 
collect data on a wide range of developmental levels and a broad class of test domains, but it 
limited our ability to analyze specific groups of children with hearing loss on particular 
measures, as we have attempted to do in the present manuscript.
A third point is that there needs to be caution in generalizing the current findings to all 
children with ANSD with behavioral thresholds in the mild to moderately-severe range. 
Recruitment for the OCHL study focused on children with bilateral hearing loss who used 
hearing aids and did not have major secondary disabilities. Children who had received 
cochlear implants at the time of enrollment were excluded from the OCHL study, to allow 
investigators to focus on the influence of hearing aids on outcomes. Children who 
previously tried hearing aids, but showed little benefit, may have received cochlear implants 
and were no longer candidates for enrollment into the OCHL study. Furthermore, children 
with additional conditions (i.e., autism spectrum disorder, developmental delays, visual 
impairments) were excluded from the study. Therefore, the outcomes reported in this paper 
could over-represent the success that children who are hard of hearing with ANSD can have 
with hearing aids.
Finally, we did not collect data involving psychophysical measures such as temporal 
resolution, which have been shown to be predictive of the speech perception difficulties in 
children with ANSD (Rance et al., 2004). Such measures were not documented in the OCHL 
study, but further research in this area may aid in the development of specific processing 
strategies that help with the perception of temporal cues (Rance, 2005) and explain 
variability in developmental speech and language outcomes.
Conclusion
The AAA Pediatric Amplification Guidelines recommend that children with ANSD receive 
a hearing aid trial if their behavioral thresholds are reliable and sufficiently high enough to 
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impede speech perception at conversational levels. For children with ANSD in the mild to 
severe hearing loss range, the current results appear to support those guidelines.
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Abbreviations
AAA American Academy of Audiology
ABR Auditory brainstem response
ANSD Auditory neuropathy spectrum disorder
CASL Comprehensive Assessment of Spoken Language
CASPA Computer-aided Speech Perception Assessment
DSL Desired Sensation Level
GFTA Goldman-Fristoe Test of Articulation
HL Hearing loss
SNHL sensorineural hearing loss
NAL National Acoustics Laboratory
OCHL Outcomes of Children with Hearing Loss
PPVT Peabody Picture Vocabulary Test
PBK Phonetically-balanced Kindergarten lists
PTA Pure-tone average
RECD Real ear to coupler difference
SII Speech intelligibility index
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Aided SII values for average speech input levels (65 dB SPL), plotted as a function of 
BEPTA. The filled circles are children with ANSD and the open circles are children with 
SNHL. The normative SII range is plotted as solid (mean) and dashed (upper and lower 95% 
confidence intervals) lines (Bagatto, 2011).
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Individual data points for children with ANSD (filled circles) and SNHL (open circles) on 
standardized speech production (Goldman-Fristoe Test of Articulation-2), language 
(Comprehensive Assessment of Spoken Language and Peabody Picture Vocabulary Test-4), 
and adaptive behavior (Vineland Adaptive Behavior Scales-2) measures. The hatched region 
represents the average range for the normative samples of these measures.
Walker et al. Page 21














LittlEARS raw scores, plotted as a function of chronological, uncorrected age. The filled 
circles are children with ANSD and the open circles are children with SNHL. The normative 
LittlEARS range is plotted as solid (mean) and dashed (upper and lower 95% confidence 
intervals) lines (Coninx et al, 2009).
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PBK percent correct scores in quiet, plotted as a function of BEPTA. The dashed line 
represents the minimum expected score for ears with SNHL (Yellin et al, 1989).
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Table 1
Data related to birth history and risk factors for children in the ANSD and SNHL groups.
ANSD (n = 12) SNHL (n = 22)
Birth history1 Mean SD Mean SD
    Pregnancy length (weeks) 30.54 6.47 37.61 3.50
    Weight at birth (pounds) 3.54 2.31 7.12 1.95
n % n %
    Prematurity2 9 82% 4 19%
    NICU stay > 5 days 9 82% 3 14%
Risk Factors: Complications during pregnancy, delivery, or after birth
n % n %
    Eclampsia 2 18% 2 10%
    Fetal distress 3 27% 2 10%
    Premature rupture of membranes 0 0 1 5%
    Preterm labor 6 55% 3 14%
    Perinatal hypoxia 1 9% 1 10%
    Meconium aspiration 0 0 0 0
    Jaundice 8 73% 8 38%
Risk factors: Interventions during delivery or after birth
    ECMO 1 9% 0 0
    Assisted ventilation 7 64% 3 14%
    High O2 concentrations 5 45% 1 5%
    Aminoglycosides 3 27% 2 10%
    Loop diuretics 2 18% 0 0
    Exchange transfusion 2 18% 0 0
Note.
1
One child with ANSD did not have birth history information available. One child with SNHL had some birth history information missing due to 
adoption.
2
Prematurity was defined as less than 37 weeks gestation.
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